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MEMORY CELL DEVICE WITH COPLANAR 
ELECTRODE SURFACE AND METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/887,959, ?led 2 Feb. 2007, entitled 
Memory Cell Device With Coplanar Electrode Surface and 
Method, Which is incorporated by reference herein. 

PARTIES TO A JOINT RESEARCH AGREEMENT 

[0002] International Business Machines Corporation, a 
NeW York corporation; Macronix International Corporation, 
Ltd., a TaiWan corporation, and In?neon Technologies A.G., 
a German corporation, are parties to a Joint Research Agree 
ment. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 
[0004] The present invention relates to high density 
memory devices based on memory materials, for example 
phase change memory (PCM) devices, and to methods for 
manufacturing such devices. The memory material is sWitch 
able betWeen electrical property states by the application of 
energy. The memory materials may be phase change based 
memory materials, including chalcogenide based materials, 
and other materials. 
[0005] 2. Description of RelatedArt 
[0006] Phase change based memory materials are Widely 
used in read-Write optical disks. These materials have at least 
tWo solid phases, including for example a generally amor 
phous solid phase and a generally crystalline solid phase. 
Laser pulses are used in read-Write optical disks to sWitch 
betWeen phases and to read the optical properties of the mate 
rial after the phase change. 
[0007] Phase change based memory materials, like chalco 
genide based materials and similar materials, also can be 
caused to change phase by application of electrical current at 
levels suitable for implementation in integrated circuits. The 
generally amorphous state is characterized by higher resistiv 
ity than the generally crystalline state; this difference in resis 
tance can be readily sensed to indicate data. These properties 
have generated interest in using programmable resistive 
material to form nonvolatile memory circuits, Which can be 
read and Written With random access. 

[0008] The change from the amorphous to the crystalline 
state is generally a loWer current operation. The change from 
crystalline to amorphous, referred to as reset herein, is gen 
erally a higher current operation, Which includes a short high 
current density pulse to melt or breakdoWn the crystalline 
structure, after Which the phase change material cools 
quickly, quenching the phase change process, alloWing at 
least a portion of the phase change structure to stabiliZe in the 
amorphous state. It is desirable to minimiZe the magnitude of 
the reset current used to cause transition of phase change 
material from crystalline state to amorphous state. The mag 
nitude of the reset current needed for reset can be reduced by 
reducing the siZe of the phase change material element in the 
cell and by reducing the siZe of the contact area betWeen 
electrodes and the phase change material, so that higher cur 
rent densities are achieved With small absolute current values 
through the phase change material element. 
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[0009] One direction of development has been toWard 
using small quantities of programmable resistive material, 
particularly in small pores. Patents illustrating development 
toWard small pores include: Ovshinsky, “Multibit Single Cell 
Memory Element Having Tapered Contact,” US. Pat. No. 
5,687,112, issued Nov. 11, 1997; Zahorik et al., “Method of 
Making Chalogenide [sic] Memory Device,” US. Pat. No. 
5,789,277, issued Aug. 4, 1998; Doan et al., “Controllable 
Ovonic Phase-Change Semiconductor Memory Device and 
Methods of Fabricating the Same,” US. Pat. No. 6,150,253, 
issued Nov. 21, 2000. 
[0010] In phase change memory, data is stored by causing 
transitions in the phase change material betWeen amorphous 
and crystalline states using current. Current heats the material 
and causes transitions betWeen the states. The change from 
the amorphous to the crystalline state is generally a loWer 
current operation. The change from crystalline to amorphous, 
referred to as reset herein, is generally a higher current opera 
tion. It is desirable to minimiZe the magnitude of the reset 
current used to cause transition of phase change material from 
crystalline state to amorphous state. The magnitude of the 
reset current needed for reset can be reduced by reducing the 
siZe of the active phase change material element in the cell. 
One problem associated With phase change memory devices 
arises because the magnitude of the current required for reset 
operations depends on the volume of phase change material 
that must change phase. Thus, cells made using standard 
integrated circuit manufacturing processes have been limited 
by the minimum feature siZe of manufacturing equipment. 
Thus, techniques to provide sublithographic dimensions for 
the memory cells must be developed, Which can lack unifor 
mity or reliability needed for large scale, high density 
memory devices. 
[0011] One approach to controlling the siZe of the active 
area in a phase change cell is to devise very small electrodes 
for delivering current to a body of phase change material. This 
small electrode structure induces phase change in the phase 
change material in a small area like the head of a mushroom, 
at the location of the contact. See, US. Pat. No. 6,429,064, 
issued Aug. 6, 2002, to Wicker, “Reduced Contact Areas of 
SideWall Conductor;” US. Pat. No. 6,462,353, issued Oct. 8, 
2002, to Gilgen, “Method for Fabricating a Small Area of 
Contact BetWeen Electrodes;” US. Pat. No. 6,501,111, 
issued Dec. 31, 2002, to LoWrey, “Three-Dimensional (3D) 
Programmable Device;” US. Pat. No. 6,563,156, issued Jul. 
1, 2003, to Harsh?eld, “Memory Elements and Methods for 
Making Same.” 
[0012] Accordingly, an opportunity arises to devise meth 
ods and structures that form memory cells With structures that 
have small active regions of programmable resistive material 
using reliable and repeatable manufacturing techniques. 

BRIEF SUMMARY OF THE INVENTION 

[0013] A memory device described herein includes a bit 
line having a top surface and a plurality of vias. The device 
includes a plurality of ?rst electrodes each having top sur 
faces coplanar With the top surface of the bit line, the ?rst 
electrodes extending through corresponding vias in the bit 
line. An insulating member is Within each via and has an 
annular shape With a thickness betWeen the corresponding 
?rst electrode and a portion of the bit line acting as a second 
electrode. A layer of memory material extends across the 
insulating members to contact the top surfaces of the bit line 
and the ?rst electrodes. 
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[0014] A method for manufacturing a memory device 
described herein includes providing access circuitry for a 
plurality of memory cells, the access circuitry having a top 
surface With an array of conductive contacts. A plurality of 
?rst electrodes are formed on the top surface of the access 
circuitry, Wherein ?rst electrodes in the plurality of ?rst elec 
trodes contact corresponding conductive contacts. A confor 
mal layer of dielectric material is formed on the ?rst elec 
trodes and the top surface of the access circuitry. A layer of 
conductive material is formed on the layer of dielectric mate 
rial. The layer of dielectric material and the layer of conduc 
tive material are planariZed to expose top surfaces of the ?rst 
electrodes, the top surfaces of the ?rst electrodes coplanar 
With a top surface of the layer of conductive material. The 
planariZing forms a plurality of vias in the layer conductive 
material and a plurality of insulating members from the layer 
of dielectric material. The ?rst electrodes extend through 
corresponding vias in the layer of conductive material, and 
insulating members Within corresponding vias have an annu 
lar shape With a thickness betWeen the corresponding ?rst 
electrode and the layer of conductive material. A layer of 
memory material is formed on the top surface of the layer of 
conductive material, the insulating members, and the top 
surfaces of the ?rst electrodes. The layer of conductive mate 
rial and the layer of memory material are then patterned to 
form a plurality of bit lines comprising conductive material 
and a plurality of strips of memory material, each strip of 
memory material overlying a corresponding bit line. 

[0015] A method for manufacturing a memory device 
described herein includes providing access circuitry for a 
plurality of memory cells, the access circuitry having a top 
surface With an array of conductive contacts. A ?rst dielectric 
material layer is formed on the top surface of the access 
circuitry, and a layer of conductive material is formed on the 
?rst dielectric material layer. A plurality of vias are formed in 
the layer of conductive material and the ?rst dielectric mate 
rial layer, thereby exposing top surfaces of the conductive 
contacts. A second dielectric material layer is formed on the 
layer of conductive material and Within the plurality of vias, 
the second dielectric material layer de?ning ?rst openings 
Within the vias. Anisotropic etching is then performed on the 
second dielectric material layer to form a plurality of insulat 
ing members, the insulating members Within corresponding 
vias and de?ning second openings extending to the top sur 
faces of corresponding conductive contacts. First electrodes 
are then formed Within the second openings, the ?rst elec 
trodes having respective top surfaces coplanar With a top 
surface of the layer of conductive material. A layer of memory 
material is formed on the top surface of the layer of conduc 
tive material and the top surfaces of the ?rst electrodes. The 
layer of conductive material and the layer of memory material 
are then patterned to form a plurality of bit lines comprising 
conductive material and a plurality of strips of memory mate 
rial, each strip of memory material overlying a corresponding 
bit line. 

[0016] A memory cell as described herein results in an 
active region of the memory element that can be made 
extremely small, thereby reducing the amount of current 
needed to induce a phase change. The thickness of the 
memory material of memory element can be established 
using a thin ?lm deposition technique of memory material on 
the top surfaces of the ?rst and second electrodes. Further 
more, the ?rst electrode has a Width (Which in some embodi 
ments is a diameter) that is preferably less than a minimum 
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feature siZe for a process, typically a lithographic process, 
used to form the memory cell. The small ?rst electrode con 
centrates current density in the portion of the memory ele 
ment adjacent the ?rst electrode, thereby reducing the mag 
nitude of the current needed to induce a phase change and 
resulting in the active region having a “mushroom” shape. 
Additionally, the insulating member provides thermal isola 
tion to the active region Which also helps to reduce the amount 
of current necessary to induce a phase change. 
[0017] Other features, aspects and advantages of the 
present invention can be seen on revieW of the ?gures, the 
detailed description, and the claims Which folloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 illustrates a cross-sectional vieW of a 
memory cell having a ?rst electrode and a second electrode 
having coplanar top surfaces. 
[0019] FIGS. 2-3 are top vieWs ofthe memory cell of FIG. 
1. 
[0020] FIGS. 4-10 illustrate steps in a fabrication sequence 
for manufacturing memory cells described herein. 
[0021] FIG. 11 is a simpli?ed block diagram of an inte 
grated circuit including a memory array implemented using 
phase change memory cells having ?rst and second elec 
trodes With coplanar top surfaces. 
[0022] FIG. 12 is a schematic diagram of a portion of a 
memory array having memory cells as described herein. 
[0023] FIGS. 13-18 illustrate alternative steps in a fabrica 
tion sequence to those illustrated in FIGS. 4-7. 

DETAILED DESCRIPTION OF THE INVENTION 

[0024] The folloWing description of the invention Will typi 
cally be With reference to speci?c structural embodiments 
and methods. It is to be understood that there is no intention to 
limit the invention to the speci?cally disclosed embodiments 
and methods but that the invention may be practiced using 
other features, elements, methods and embodiments. Pre 
ferred embodiments are described to illustrate the present 
invention, not to limit its scope, Which is de?ned by the 
claims. Those of ordinary skill in the art Will recogniZe a 
variety of equivalent variations on the description that fol 
loWs. Like elements in various embodiments are commonly 
referred to With like reference numerals. 
[0025] FIG. 1 illustrates a cross-sectional vieW of a 
memory cell 100 having a ?rst electrode 110 and a bit line 120 
acting as a second electrode, the ?rst electrode 110 and the bit 
line 120 having coplanar top surfaces 112 and 122 respec 
tively. FIGS. 2 and 3 are top vieWs of the memory cell 100 of 
FIG. 1 taken along lines 2-2 and 3-3 respectively. 
[0026] Referring to FIGS. 1-3, a dielectric insulating mem 
ber 130 is Within a via in the bit line 120 and has an annular 
shape With a thickness 132 betWeen an outer surface 114 of 
the ?rst electrode 110 and an inner surface 134 of the via in the 
bit line 120. A layer of memory material 140 extends across 
the insulating member 130 to contact the top surfaces 112, 
122 of the ?rst electrode 110 and bit line 120. The layer of 
memory material 140 may comprise one or more materials 

from a group consisting of Ge, Sb, Te, Se, In, Ti, Ga, Bi, Sn, 
Cu, Pd, Pb, Ag, S, Si, 0, P, As, N and Au. 
[0027] The ?rst electrode 110 extends through the via in the 
bit line 120 to couple the layer of memory material 140 to a 
conductive plug 150. The ?rst electrode 110 may comprise, 
for example, TiN or TaN. TiN may be preferred in embodi 
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ments in Which the layer of memory material 140 comprises 
GST (discussed below) because it makes good contact With 
GST, it is a common material used in semiconductor manu 
facturing, and it provides a good diffusion barrier at higher 
temperatures at Which GST transitions, typically in the 600 
7000 C. range. Alternatively, the ?rst electrode 110 may be 
TiAlN or TaAlN, or comprises, for further examples, one or 
more elements selected from the group consisting of Ti, W, 
Mo, Al, Ta, Cu, Pt, Ir, La, Ni, N, O and Ru and combinations 
thereof. 
[0028] The conductive plug 150 extends through inter 
layer dielectric 160 to underlying access circuitry (not 
shoWn), the plug 150 preferably comprising a refractory 
metal such as tungsten. Other metals that could be used 
include Ti, Mo, Al, Ta, Cu, Pt, Ir, La, Ni, and Ru. Other plug 
structures and materials can be used as Well. 

[0029] The inter-layer dielectric 160 including the insulat 
ing member 130 may comprise one or more layers of dielec 
tric material, for example each layer comprising one or more 
elements selected from the group consisting of Si, Ti, Al, Ta, 
N, O, and C. It is preferred that the insulating member 130 
comprises a loW thermal conductivity material such as being 
less than about 0.014 J/cm*K*sec. In some preferred embodi 
ments the insulating member 130 has a thermal conductivity 
less than that of the amorphous state of the phase change 
material of the layer of memory material 140, or less than 
about 0.003 J/cm*K*sec for a phase change material com 
prising GST. Representative thermally insulating materials 
include materials that are a combination of the elements of 
silicon Si, carbon C, oxygen 0, ?uorine F, and hydrogen H. 
Examples of thermally insulating materials Which are candi 
dates for use for insulating member 130 include SiO2, SiNx, 
SiCOH, polymide, polyamide, and ?ourocarbon polymers. 
[0030] The bit line 120 may comprise, for example, any of 
the materials discussed above With reference to the ?rst elec 
trode 110. 

[0031] In operation, voltages on the plug 150 and bit line 
120 can induce a current to How from the plug 150 to the bit 
line 120, or vice versa, via the ?rst electrode 110 and the bit 
line 120. 

[0032] The active region 142 is the region of the layer of 
memory material 140 in Which the memory material is 
induced to change betWeen at least tWo solid phases. As can 
be appreciated the active region 142 can be made extremely 
small in the illustrated structure, thus reducing the magnitude 
of current needed to induce a phase change. The thickness 144 
of the layer of memory material 140 can be established using 
a thin ?lm deposition technique of memory material on the 
top surfaces 112, 122 of the ?rst electrode 110 and bit line 
120. In some embodiments the thickness 144 is less than or 
equal to about 100 nm, for example being betWeen 1 and 100 
nm. Furthermore, the ?rst electrode 110 has a Width 116 
(Which is a diameter in the illustrated embodiment) Which is 
preferably less than a minimum feature siZe for a process, 
typically a lithographic process, used to form the memory cell 
100. The small ?rst electrode 110 concentrates current den 
sity in the portion of the layer of memory material 140 adja 
cent the ?rst electrode 1 1 0, thereby reducing the magnitude of 
the current needed to induce a phase change and resulting in 
the active region 142 having a “mushroom” shape as shoWn in 
FIG. 1. The Width 116 of the ?rst electrode 110 can be less 
than 65 nm, for example being betWeen about 10 nm and 50 
nm. Additionally, dielectric 160 including the insulating 
member 130 provides thermal isolation to the active region 
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142 Which also helps to reduce the amount of current neces 
sary to induce a phase change. 

[0033] The coplanar top surfaces 112, 122 Will cause the 
current ?oW path from the ?rst electrode 110 to turn laterally 
into the second bit line 120, thereby concentrating the current 
density in the portion of the layer of memory material 140 
adjacent the ?rst electrode 1 10 and reducing the magnitude of 
the current needed to induce a phase change in the active 
region 142. 
[0034] Embodiments of memory cell 100 include phase 
change based memory materials, including chalcogenide 
based materials and other materials, for the layer of memory 
material 140. Chalcogens include any of the four elements 
oxygen (O), sulfur (S), selenium (Se), and tellurium (Te), 
forming part of group VIA of the periodic table. Chalco 
genides comprise compounds of a chalcogen With a more 
electropositive element or radical. Chalcogenide alloys com 
prise combinations of chalcogenides With other materials 
such as transition metals. A chalcogenide alloy usually con 
tains one or more elements from group IVA of the periodic 
table of elements, such as germanium (Ge) and tin (Sn). 
Often, chalcogenide alloys include combinations including 
one or more of antimony (Sb), gallium (Ga), indium (In), and 
silver (Ag). Many phase change based memory materials 
have been described in technical literature, including alloys 
of: Ga/Sb, In/Sb, In/Se, Sb/Te, Ge/Te, Ge/Sb/Te, In/Sb/Te, 
Ga/Se/Te, Sn/Sb/Te, In/Sb/Ge, Ag/In/Sb/Te, Ge/Sn/Sb/Te, 
Ge/Sb/Se/Te and Te/Ge/Sb/ S. In the family of Ge/Sb/Te 
alloys, a Wide range of alloy compositions may be Workable. 
The compositions can be characterized as TeaGebSb1OO_(a+b), 
Where a and b represent atomic percentages that total 100% of 
the atoms of the constituent elements. One researcher has 
described the most useful alloys as having an average con 
centration of Te in the deposited materials Well beloW 70%, 
typically beloW about 60% and ranged in general from as loW 
as about 23% up to about 58% Te and most preferably about 
48% to 58% Te. Concentrations of Ge Were above about 5% 
and ranged from a loW of about 8% to about 30% average in 
the material, remaining generally beloW 50%. Most prefer 
ably, concentrations of Ge ranged from about 8% to about 
40%. The remainder of the principal constituent elements in 
this composition Was Sb. (Ovshinsky ’1 12 patent, cols 
10-11.) Particular alloys evaluated by another researcher 
include Ge2Sb2Te5, GeSb2Te4 and GeSb4Te7. (Noboru 
Yamada, “Potential of GeiSbiTe Phase-Change Optical 
Disks for High-Data-Rate Recording”, SPIE v.3109, pp. 
28-37 (1997).) More generally, a transition metal such as 
chromium (Cr), iron (Fe), nickel (Ni), niobium (Nb), palla 
dium (Pd), platinum (Pt) and mixtures or alloys thereof may 
be combined With Ge/ Sb/ Te to form a phase change alloy that 
has programmable resistive properties. Speci?c examples of 
memory materials that may be useful are given in Ovshinsky 
’1 12 at columns 11-13, Which examples are hereby incorpo 
rated by reference. 
[0035] Chalcogenides and other phase change materials are 
doped With impurities in some embodiments to modify con 
ductivity, transition temperature, melting temperature, and 
other properties of memory elements using the doped chal 
cogenides. Representative impurities used for doping chalco 
genides include nitrogen, silicon, oxygen, silicon dioxide, 
silicon nitride, copper, silver, gold, aluminum, aluminum 
oxide, tantalum, tantalum oxide, tantalum nitride, titanium 
and titanium oxide. See, eg US. Pat. No. 6,800,504, and 
US. Patent Application Publication No. US 2005/ 0029502. 
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[0036] Phase change materials can be changed from one 
phase state to another by application of electrical pulses. It 
has been observed that a shorter, higher amplitude pulse tends 
to change the phase change material to a generally amorphous 
state, and is referred to as a reset pulse. A longer, loWer 
amplitude pulse tends to change the phase change material to 
a generally crystalline state, and is referred to as a program 
pulse. The energy in a shorter, higher amplitude pulse is high 
enough to alloW for bonds of the crystalline structure to be 
broken and short enough to prevent the atoms from realigning 
into a crystalline state. Appropriate pro?les for pulses can be 
determined empirically, Without undue experimentation, spe 
ci?cally adapted to a particular phase change material and 
device structure. 

[0037] Representative chalcogenide material can be char 
acteriZed as folloWs: GexSbyTeZ, Where x:y:Z:2:2:5. Other 
compositions can be used With x: 0~5; y: 0~5; Z: 0~l0. 
GeSbTe With doping, such as Ni, Sii, Tii, or other ele 
ment doping, may also be used. These materials can be 
formed by PVD sputtering or magnetron-sputtering With 
reactive gases of Ar, N2, and/or He, etc. and chalcogenide at 
the pressure of 1 mtorr~100 mtorr. The deposition is usually 
done at room temperature. A collimator With an aspect ratio of 
1~5 can be used to improve the ?ll-in performance. To 
improve the ?ll-in performance, the DC bias of several tens of 
volts to several hundreds of volts is also used. Also, the 
combination of DC bias and the collimator can be used simul 
taneously. The post deposition annealing treatment With 
vacuum or N2 ambient is sometimes needed to improve the 
crystalliZed state of chalcogenide material. The annealing 
temperature typically ranges 100° C. to 4000 C. With an 
anneal time of less than 30 minutes. 
[0038] FIGS. 4-10 illustrate steps in a fabrication sequence 
for manufacturing memory cells described herein. 
[0039] FIG. 4 illustrates a cross-sectional vieW of a struc 
ture formed as a ?rst stage of the fabrication sequence, the 
structure including an array of ?rst electrodes 110 contacting 
respective plugs 150 in a memory cell access layer 400 having 
a top surface 460. The memory access layer 400 can be 
formed by standard processes as knoWn in the art and includes 
Word lines 440 extending in parallel in a direction into and out 
of the cross section illustrated in FIG. 4. The Word lines 440 
overly a substrate 410 and form the gates of access transistors. 
Access layer 400 also includes a common source line 450 
contacting doped region 430 acting as the source regions of 
the access transistors. In other embodiments the common 
source line 450 may be implemented by a doped region in the 
substrate 410. The plugs 150 contact corresponding doped 
regions 420 in the substrate 410 acting as drain regions for the 
access transistors. 

[0040] The ?rst electrodes 110 have an outer surface 114 
and have a diameter 116 Which is preferably less than a 
minimum feature siZe for a process, generally a lithographic 
process, used to manufacture the memory access layer 400. 

[0041] The ?rst electrodes 110 having a sublithographic 
diameter 116 can be formed, for example, using methods, 
materials, and processes as disclosed in Us. patent applica 
tion Ser. No. 11/764,678 ?led on 18 Jun. 2007 entitled 
“Method for Manufacturing a Phase Change Memory Device 
With Pillar Bottom Electrode”, Which is incorporated by ref 
erence herein. For example, a layer of electrode material can 
be formed on the top surface 460 of the access layer 400, 
folloWed by patterning of a layer of photoresist on the elec 
trode layer using standard photo lithographic techniques so as 

Aug. 7,2008 

to form a mask of photoresist overlying the locations of the 
?rst electrodes 110. Next the mask of photoresist is trimmed, 
using for example oxygen plasma, to form mask structures 
having sublithographic dimensions overlying the locations of 
the bottom electrodes 110. Then the layer of electrode mate 
rial is etched using the trimmed mask of photoresist, thereby 
forming the ?rst electrodes 110 having sublithographic diam 
eters 116. 

[0042] Next, a conformal dielectric material layer 500 is 
formed on the structure illustrated in FIG. 4, resulting in the 
structure illustrated in FIG. 5. Layer 500 can be formed by 
chemical vapor deposition CVD of dielectric material, the 
layer 500 comprising for example any of the materials dis 
cussed above With reference to the insulating member 130 of 
FIGS. 1-3. 
[0043] Next, a conductive material layer 600 is formed on 
the structure illustrated in FIG. 5, resulting in the structure 
illustrated in FIG. 6. The layer 600 can comprise, for 
example, any of the materials discussed above With reference 
to the second electrode 120 of FIGS. 1-3. 
[0044] The dielectric material layer 500 and the conductive 
material layer 600 are then planariZed to expose top surfaces 
112 of the ?rst electrodes 110, resulting in the structure illus 
trated in FIG. 7 having a top surface 700 of the conductive 
layer 600 coplanar With the top surfaces 112 of the ?rst 
electrodes 110.As can be seen in the Figure, vias having inner 
surfaces 610 are formed in the conductive material layer 600 
and insulating members 130 are formed from the dielectric 
material layer 500. The ?rst electrodes 110 extend through 
corresponding vias in the conductive material layer 600, and 
insulating members 130 Within the vias have an annular shape 
With a thickness 132 betWeen the corresponding ?rst elec 
trodes 110 and the conductive material layer 600. 
[0045] Next, a memory material layer 800 is formed on the 
structure illustrated in FIG. 7, resulting in the structure illus 
trated in FIG. 8. 

[0046] Next, the conductive layer 600 and the memory 
material layer 800 are patterned to form bit lines 910 sepa 
rated by a trench 900 and strips of memory material 920, 
resulting in the structure illustrated in cross-sectional and top 
vieWs of FIGS. 9A and 9B respectively. Each strip of memory 
material 920 overlies a corresponding bit line 910. 
[0047] The bit lines 910 and strips of memory material 920 
can be formed by forming a protective dielectric layer (not 
shoWn) on the memory material layer 800, patterning a layer 
of photoresist on the protective dielectric layer, etching the 
protective dielectric layer, the memory material layer 800 and 
the conductive layer 600 using the patterned photoresist as an 
etch mask, and then removing the layer of photoresist. The 
formation of the strips of memory material 920 removes 
memory material that is spaced aWay from the ?rst electrode 
and thus spaced aWay from the active region. This results in a 
small active region for the memory cell that is not subject to 
etch damage. 
[0048] Next, standard back end of line processing as knoWn 
in the art can be performed on the structure illustrated in 
FIGS. 9A and 9B, resulting in the structure illustrated in FIG. 
10 having a dielectric layer 1000 and conductive lines 1010. 
[0049] FIG. 11 is a simpli?ed block diagram of an inte 
grated circuit 10 including a memory array 12 implemented 
using phase change memory cells as described herein having 
?rst and second electrodes With coplanar top surfaces. A Word 
line decoder 14 is coupled to, and in electrical communication 
With, a plurality of Word lines 16. A bit line (column) decoder 
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18 is in electrical communication With a plurality of bit lines 
20 to read data from, and Write data to, the phase change 
memory cells in array 12. Addresses are supplied on bus 22 to 
Word line decoder and drivers 14 and bit line decoder 18. 
Sense ampli?ers and data-in structures in block 24 are 
coupled to bit line decoder 18 via data bus 26. Data is supplied 
via a data-in line 28 from input/output ports on integrated 
circuit 10, or from other data sources internal or external to 
integrated circuit 10, to data-in structures in block 24. Other 
circuitry 30 may be included on integrated circuit 10, such as 
a general purpose processor or special purpose application 
circuitry, or a combination of modules providing system-on 
a-chip functionality supported by array 12. Data is supplied 
via a data-out line 32 from the sense ampli?ers in block 24 to 
input/output ports on integrated circuit 10, or to other data 
destinations internal or external to integrated circuit 10. 

[0050] A controller 34, implemented in this example using 
a bias arrangement state machine, controls the application of 
bias arrangement supply voltages 36, such as read, program, 
erase, erase verify and program verify voltages. Controller 34 
may be implemented using special-purpose logic circuitry as 
knoWn in the art. In alternative embodiments, controller 34 
comprises a general-purpose processor, Which may be imple 
mented on the same integrated circuit to execute a computer 
program to control the operations of the device. In yet other 
embodiments, a combination of special-purpose logic cir 
cuitry and a general-purpose processor may be utiliZed for 
implementation of controller 34. 
[0051] As shoWn in FIG. 12 each of the memory cells 1530, 
1532, 1534, 1536 ofarray 12 includes an access transistor (or 
other access device such as a diode), four of Which are shoWn 
as 38, 40, 42 and 44, and a phase change element, shoWn as 
46, 48, 50 and 52. Sources ofeach ofaccess transistors 38,40, 
42 and 44 are connected in common to a source line 54 that 
terminates in a source line termination 55. In another embodi 
ment the source lines of the access devices are not electrically 
connected, but independently controllable. A plurality of 
Word lines including Word lines 56 and 58 extend in parallel 
along a ?rst direction. Word lines 56 and 58 are in electrical 
communication With Word line decoder 14. The gates of 
access transistors 38 and 42 are connected to a common Word 

line, such as Word line 56, and the gates of access transistors 
40 and 44 are connected in common to Word line 58. A 
plurality of bit lines including bit lines 60 and 62 extend in 
parallel along a second direction and are connected to one end 
of the phase change elements, for example phase change 
elements 46 and 48 are connected to bit line 60. Speci?cally, 
phase change element 46 is connected betWeen the drain of 
access transistor 38 and bit line 60, and phase change element 
48 is connected betWeen the drain of access transistor 40 and 
bit line 60. Similarly, phase change element 50 is connected 
betWeen the drain of access transistor 42 and bit line 62, and 
phase change element 52 is connected betWeen the drain of 
access transistor 44 and bit line 62. It should be noted that four 
memory cells are shoWn for convenience of discussion and in 
practice array 12 may comprise thousands to millions of such 
memory cells. Also, other array structures may be used, eg 
the phase change memory element is connected to the source 
of an access transistor. 

[0052] FIGS. 13-18 illustrate alternative steps in a fabrica 
tion sequence to those illustrated in FIGS. 4-7 for forming the 
?rst electrodes and the insulating members. 
[0053] FIG. 13 illustrates a cross-sectional vieW of a struc 
ture formed as a ?rst stage of the fabrication sequence, the 
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structure including a dielectric layer 1300 formed on the top 
surface 460 of the memory access layer 400 and a conductive 
material layer 1310 formed on the dielectric layer 1300. 
[0054] Next, vias 1400 are formed through the dielectric 
layer 1300 and conductive material layer 1310 to expose the 
conductive plugs 150 of the memory access layer 400. The 
vias 1400 can be formed for example, by patterning a layer of 
photoresist on the conductive material layer 1310 and having 
openings overlying the locations of the vias 1400, and then 
etching using the patterned layer of photoresist as an etch 
mask. 
[0055] Next, a conformal dielectric material layer 1500 is 
formed on the structure illustrated in FIG. 14, resulting in the 
structure illustrated in FIG. 15. The dielectric material layer 
1500 de?nes openings 1510 Within the vias 1400 and can 
comprise, for example, any of the materials discussed above 
With reference to the insulating members 130 of FIGS. 1-3. 
[0056] Next, anisotropic etching is performed on the 
dielectric material layer 1500 of FIG. 15 to expose the plugs 
150 and the conductive material layer 1310, thereby forming 
insulating members 130 de?ning openings 1600, resulting in 
the structure illustrated in FIG. 16. 

[0057] Next, a conductive material layer 1700 is formed on 
the structure illustrated in FIG. 16 and Within openings 1600, 
resulting in the structure illustrated in FIG. 17. The conduc 
tive material layer 1700 may comprise, for example, any of 
the materials discussed above With reference to the ?rst elec 
trode 110 of FIGS. 1-3. 

[0058] Next, a planariZing process such as Chemical 
Mechanical Polishing CMP is performed on the structure 
illustrated in FIG. 17, thereby forming ?rst electrodes 110. 
[0059] In another alternative, a dielectric layer is formed on 
the top surface 460 of the access circuitry 400 folloWed by 
sequentially forming a conductive material layer and a sacri 
?cial layer. Next, a mask having openings close to or equal to 
the minimum feature siZe of the process used to create the 
mask is formed on the sacri?cial layer, the openings overlying 
the conductive plugs 150. The conductive material layer and 
the sacri?cial layer are then selectively etched using the mask, 
thereby forming vias in the conductive material layer and the 
sacri?cial layer and exposing a top surface of the dielectric 
layer. After removal of the mask, a selective undercutting etch 
is performed on the vias such that the conductive material 
layer is etched While leaving the sacri?cial layer and the 
dielectric layer intact. A ?ll material in then formed in the 
vias, Which due to the selective undercutting etch process 
results in a self-aligned void in the ?ll material being formed 
Within each via. Next, an anisotropic etching process is per 
formed on the ?ll material to open the voids, and etching 
continues until the dielectric layer is exposed in the region 
beloW the void, thereby forming a sideWall spacer comprising 
?ll material Within each via. The sideWall spacers have an 
opening dimension substantially determined by the dimen 
sion of the void, and thus can be less than the minimum 
feature siZe of a lithographic process. Next, the dielectric 
layer is etched using the sideWall spacers as an etch mask, 
thereby forming openings in the dielectric layer having a 
diameter less than the minimum feature siZe. Next, a ?rst 
electrode material layer is formed Within the openings in the 
dielectric layer and the sideWall spacer. A planariZing pro 
cess, such as chemical mechanical polishing CMP, is then 
performed to remove the sacri?cial layer and form the ?rst 
electrodes. After the planariZing process a memory material 
layer is formed, and then the conductive material layer and the 
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memory material layer are patterned to form bit lines and 
strips of memory material overlying the bit lines. 
[0060] While the present invention is disclosed by refer 
ence to the preferred embodiments and examples detailed 
above, it is to be understood that these examples are intended 
in an illustrative rather than in a limiting sense. It is contem 
plated that modi?cations and combinations Will occur to 
those skilled in the art, Which modi?cations and combinations 
Will be Within the spirit of the invention and the scope of the 
following claims. 
[0061] Any and all patents, patent applications and printed 
publications referred to above are hereby incorporated by 
reference. 

1. A memory device comprising: 
a bit line having a top surface and a plurality of vias; 
a plurality of ?rst electrodes having respective top surfaces 

coplanar With the top surface of the bit line, the ?rst 
electrodes extending through corresponding vias in the 
bit line; 

a plurality of insulating members, the insulating members 
Within corresponding vias and having an annular shape 
With a thickness betWeen the corresponding ?rst elec 
trode and a portion of the bit line acting as a second 
electrode; and 

a layer of memory material extending across the insulating 
members to contact the top surfaces of the bit line and 
the ?rst electrodes. 

2. The memory device of claim 1, further comprising: 
access circuitry for a plurality of memory cells underlying 

the bit line, the access circuitry including an array of 
conductive contacts, Wherein ?rst electrodes in the plu 
rality of ?rst electrodes are electrically coupled to cor 
responding conductive contacts in the array of conduc 
tive contacts. 

3. The memory device of claim 1, Wherein the ?rst elec 
trodes each have a Width less than a minimum feature siZe for 
a lithographic process used to form the memory device. 

4. The memory device of claim 1, Wherein the memory 
material comprises one or more materials from a group con 

sisting ofGe, Sb, Te, Se, In, Ti, Ga, Bi, Sn, Cu, Pd, Pb,Ag, S, 
Si, O, P, As, N and Au. 

5. The memory device of claim 1, Wherein the ?rst elec 
trodes and the bit line each comprise an element chosen from 
a group consisting of Ti, W, Mo, Al, Cu, Pt, lr, La, Ni, N, O and 
Ru and combinations thereof. 

6. The memory device of claim 1, Wherein the ?rst elec 
trodes and the bit line each comprise Ti and N. 

7. The memory device of claim 1, Wherein the layer of 
memory material has a thickness betWeen about 1 nm and 100 
nm. 

8. A method for manufacturing a memory device, the 
method comprising: 

forming a bit line having a top surface and a plurality of 
vias; 

forming a plurality of ?rst electrodes having respective top 
surfaces coplanar With the top surface of the bit line, the 
?rst electrodes extending through corresponding vias in 
the bit line; 

forming a plurality of insulating members, the insulating 
members Within corresponding vias and having an annu 
lar shape With a thickness betWeen the corresponding 
?rst electrode and a portion of the bit line acting as a 
second electrode; and 
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forming a layer of memory material extending across the 
insulating members to contact the top surfaces of the bit 
line and the ?rst electrodes. 

9. The method of claim 8, further comprising: 
forming access circuitry for a plurality of memory cells 

underlying the bit line, the access circuitry including an 
array of conductive contacts, Wherein ?rst electrodes in 
the plurality of ?rst electrodes are electrically coupled to 
corresponding conductive contacts in the array of con 
ductive contacts. 

1 0. The method of claim 8, Wherein the ?rst electrodes each 
have a Width less than a minimum feature siZe for a litho 
graphic process used to form the memory device. 

11. The method of claim 8, Wherein the memory material 
comprises one or more materials from a group consisting of 

Ge, Sb, Te, Se, In, Ti, Ga, Bi, Sn, Cu, Pd, Pb, Ag, S, Si, O, P, 
As, N and Au. 

12. The method of claim 8, Wherein the ?rst electrodes and 
the bit line each comprise an element chosen from a consist 
ing of Ti, W, Mo, Al, Cu, Pt, lr, La, Ni, N, O and Ru and 
combinations thereof. 

13. The method of claim 8, Wherein the layer of memory 
material has a thickness betWeen about 1 nm and 100 nm. 

14. A method for manufacturing a memory device, the 
method comprising: 

providing access circuitry for a plurality of memory cells, 
and having a top surface With an array of conductive 
contacts; 

forming a plurality of ?rst electrodes on the top surface of 
the access circuitry, Wherein ?rst electrodes in the plu 
rality of ?rst electrodes contact corresponding conduc 
tive contacts; 

forming a conformal layer of dielectric material on the ?rst 
electrodes and the top surface of the access circuitry; 

forming a layer of conductive material on the layer of 
dielectric material; 

planariZing the layer of dielectric material and the layer of 
conductive material to expose top surfaces of the ?rst 
electrodes, the top surfaces of the ?rst electrodes copla 
nar With a top surface of the layer of conductive material, 
thereby forming a plurality of vias in the layer of con 
ductive material and a plurality of insulating members 
from the layer of dielectric material, Wherein the ?rst 
electrodes extend through corresponding vias in the 
layer of conductive material, and insulating members 
Within corresponding vias have an annular shape With a 
thickness betWeen the corresponding ?rst electrode and 
the layer of conductive material; and 

forming a layer of memory material on the top surface of 
the layer of conductive material, the insulating mem 
bers, and the top surfaces of the ?rst electrodes; and 

patterning the layer of conductive material and the layer of 
memory material to form a plurality of bit lines com 
prising conductive material and a plurality of strips of 
memory material, each strip of memory material over 
lying a corresponding bit line. 

15. A method for manufacturing a memory device, the 
method comprising: 

providing access circuitry for a plurality of memory cells, 
and having a top surface With an array of conductive 
contacts; 

forming a ?rst dielectric material layer on the top surface of 
the access circuitry; 
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forming a layer of conductive material on the ?rst dielectric 
material layer; 

forming a plurality of vias in the layer of conductive mate 
rial and the ?rst dielectric material layer, thereby expos 
ing top surfaces of the conductive contacts; 

forming a second dielectric material layer on the layer of 
conductive material and Within the plurality of vias, the 
second dielectric material layer de?ning ?rst openings 
Within the vias; 

anisotropically etching the second dielectric material layer 
to form a plurality of insulating members, the insulating 
members Within corresponding vias and de?ning second 
openings extending to top surfaces of corresponding 
conductive contacts; 
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forming ?rst electrodes Within the second openings, the 
?rst electrodes having respective top surfaces coplanar 
With a top surface of the layer of conductive material; 

forming a layer of memory material on the top surface of 
the layer of conductive material and the top surfaces of 
the ?rst electrodes; and 

patterning the layer of conductive material and the layer of 
memory material to form a plurality of bit lines com 
prising conductive material and a plurality of strips of 
memory material, each strip of memory material over 
lying a corresponding bit line. 

* * * * * 


